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of Ferroelectric P ~ ( S C ~ , ~ T ~ ~ , ~ ) O ~  Ceramics 
Z.X. X I O N G a ,  K.Z. BABA-KISHIb, F.G. SHINb and S.G. LUb 
aDepartrnent of Materials Science, Xiarnen University, Xiarnen, 361005, China and 
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(Received December 8, 1998) 
To more fully understand the relaxor ferroelectric PST, i.e., Pb(Sc,,,T%,,)O,, the relationship 
between dielectric properties and some microstructural characteristics were studied. These 
include the use of electron microscopy (SEM and TEM) and X-ray microanalysis to study 
intergranular inclusion. Significant structural and chemical variations were found in Pb-rich 
spheroids. In addition using fractal theory, fractal dimensions, D, of the ceramic grain bound- 
aries were obtained, by image processing techniques. It was found that D could be success- 
fully related to grain boundary configuration, which can be related to the dielectric 
properties. 
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1NTRODUCTlON 
Relavor ferroelectric ceramics and thick film are widely employed in electronic 
devices. such as  sensors and thermal imaging system that variously make use 
of ferroelectric, piezoelectric and pyroelectric properties 'I1. An important 
example of the relaxor ferroelectrics is ceramic PST, i.e , Pb(Sco.?T% 5)03[*.''. 
To more fully understand these materials, the relationship between 
dielectric properties and some microstructural characteristics were studied in 
this paper These include the use of electron microscopy (SEM and TEM) and 
X-ray microanalysis to  study grain  inclusion^'^“^. Fractal dimension. D, of the 
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EXPERIMENTAL 
Both scandium oxide (Sc203) and tantalum oxide (Ta205) in equal molar ratio 
were mixed in acetone. The mixture was calcined to form a ScTa04 compound, 
which was crushed into a powder and then mixed in acetone with excess PbO, 
in order to prevent the formation of the pyrochlore-structured phases during the 
final sintering at high temperature The resulting mixture was again calcined to 
obtain perovskite Pbz(ScTa)06 powder. The cold-pressed green pellets with 
required shape were hot-pressed in an 01-rich atmosphere (Table 1) 
TABLE 1 Parameters of processing for PST ceramics 
Specimen 1 PST-a PST-b PST-c PST-d PST-e 
The temperature dependence of permittivity of the PST ceramics was 
measured by a HP-4284A precision meter with a heating rate 2 "C per minute 
The SEM used was a Leica, Stereoscan 440. For TEM studies, the 
ceramics were ground. polished and then ion-thinned to obtain electron- 
transparency by an ion-thinner (Gatan 600). The samples were studied by a 
Philips-CM20 TEM. operated at 200 kV, with EDAX facility The irregular 
characteristics of the microstructural features in the ceramics were analyzed 
Automatic measurements on the patterns were camed out by an image scanner 
(HP Scan Jet Ilcx) incorporated with the Optimas software (OPT / 5.2). Several 
types of data, such as grain area and boundary perimeter, were automatically 
collected. The contortion-degree of grain boundaries in the ceramic were 
treated with Mandelbrot's fractal length-area relationiR': In P = (D/2) In A + C 
Here P is the perimeters of grains, A is the areas of the grains and C is a 
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RESULTS AND DISCUSSION 
The temperature dependence of permittivity of PST ceramics is displayed in 
Figure I The measurements were carried out at two different frequencies, 100 
Hz and 1 kHz, for five PST ceramics, named PST-a. b, c, d and e A dispersive 
behavior of ferroelectric relaxor is exhibited for different frequencies 
Figure 2, SEM image of PST-a, illustrates a microstructure of this kind 
of ceramics It can be seen that the grains are closely packed and the ceramic is 
almost free of porosity due to the hot pressing The corresponding distribution 
of grain areas in logarithm is shown in Figure 3 ,  which is fitted with Lorentz 
function The detailed data of the samples are demonstrated in Table 2 
The linear regression of the data of grain areas and boundiiry 
perimeters, in logarithm, of the PST-a ceramic is displayed in Figure 4 Table 2 
also shown the fractal dimensions (D) and fitting accuracy (R2) for all samples 
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FIGURE 3 Distribution of grain areas FIGURE 4 Perimeter vs area of gr8ins 
TABLE 2 Data for PST ceramics including the mean grain diameter (M G D), 
standard deviations (S D.), Fractal dimension (D), fitting accuracy 
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Most of grains in PST ceramics were relatively simple Few of them, 
however, had intergranular inclusions Such example is exhibited in Figure 5 as 
a dark-field TEM image An amorphous inclusion is marked with an arrow 
showing lots of tiny crystallites To hrther understand the details of them, 
electron diffraction patterns were obtained for both the matrix and the inclusion 
of  the grain, as shown in the inset The pattern of the grain matrix (left) 
displayed quite ordered dots, meaning that the matrix was a single crystalline 
phase However. the pattern of the inclusion (right) was so diffuse that there 
were typical circles in addition to a few of weak diffraction dots, showing the 
inclusion was amorphous with few of tiny crystallites Moreover, chemical 
compositions were also quite different between the matrix and the inclusion in 
the grain It was verified by the EDAX results as shown in Figure 6 The 
matrix consisted of three strong peaks of Pb, Sc and Ta elements (upper) 
ver, the ~ n ~ l u s i ~ n  had d o ~ n a n t l y  one peak of Pb el 
FIGURE 5 A TEM image of PST-a FIGURE 6 EDAX results for 
Insets electron diffraction patterns froin the matrix (upper) and the 
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It is interesting to note that the smaller values of D (D = 1.005, 1.007 and 
1.004) correspond to medium values of dielectric constant, (E = 9500, 9000 and 
1 1500) of the ceramics (Table 2). The larger D values (D = 1.027 and 1.020). 
however. correspond to the minimum and maximum values of E (E = 6100 and 
I SOOO), respectively. This relationship is taken to be associated with different 
degrees of regularity of the microstructures for the different ceramics prepared 
with different compositions and processing parameters 
CONCLUDING REMARKS 
The temperature dependence of permittivity of PST ceramics was measured 
and the microstructural characteristics of the ceramics were studied with 
microscopy (SEM and TEM) and X-ray microanalysis. Significant structural 
and chemical variations were found in Pb-rich spheroids. The fractal 
dimensions were successhlly obtained by image processing techniques, which 
can be related to the dielectric properties 
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